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mCOliPORATION OF EXOGENOUS LACTIC BACTERIA DSTIO 
THE ORAL MICROFLORA 

The presetit invention relates to the incorporation of exogenous lactic 
5 bacteria into the oral mioroflota intended for the prophylaxis or the treatment of 
dental caries, dental plaque andperiodontai infection. 

Background of the inventioti 

10 

The month (oral cavity) contains a readent and a non-resident microflora. 
The first includes microorganiisms that are able to establish a more or less 
permanent residence on the oral sur&ces. These bacteria are mainly localised on 
the tongue, buccal mucoisa and the teeth while the gingiva, lips, cheeks, palate 
15 and floor of the mouth only support a very sparse microflora, 

On the tongue and the buccal mucosa, the natural resident microflora 
includes microorganisms selected from Streptococcus, Veillonella, Bacteroides 
and Haemophilus. On the teeth, Streptococci, Lactobacilli and Actynomyces 
20 predominate but a variety of Gram positive and negative cocci and rods can be 
found. 

For example^ Frandsen et ah showed that S. sanguis predominates on the 
buccal mucosa but its primary habitat is the surface of teeth, that S. gordonii 

IS grows in the mature supragingival plaque, that S, oralis and $. mitis grow in the 
initial dental plaque (Oral Microbiol, Immunol-, 4 129'^133, 1991). Strains 
belonging to the mutans group are localised on teeth (5. criscetus, S, downei, S. 
ferus, S, macacae, S. mutans, S. rattm, S, sobrinm). Strains belonging to the S, 
milleii group predominate in dental abscesses (S. anginosus, S. constellates, S, 

30 intermedius; Bentley et aL, Int J. System. Bacter. 1991, 41, 487-494; Wood et 
al. The Genera of Lactic Acid Bacteria^ Blaclde Academic and Professional, 
Chapman & Hall, W. H. eds,, 1995). 

Many of these mictoorganisms are innocuous commensal, but a lot of them 
35 have been recognised as the etiologic agent of quite a few diseases (Hill, M. J. 
and Marsh, P. D, eds. Human Microbial Ecology, 1990^ CRC Press, Boca Raton 
Florida, USA) 
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ino oemai piaquc is a mm mat torms on tne surtacse or teem consisting 
of bacterial cells in a matrix of extraodlular polysaccharides and salivary 
products. Immediately after ern.ption, the teeUi are covered with an amorphous 
layer of saliva, the acquired enamel pellicle (AEP) that is about 1.3 thick and 
cannot be removed by normal tooth brushing. The deposition of bacteria on teeth 
follows immediately the formation of the AEP and plaque becomes evident in 8- 
12 hours as a multi-layered structure. The first layer consists of bacteria (earliest 
colonisers) that attach to teeth mainly via specific adhesin-i«oeptor recognition; it 
forms a substratum for the second colonisers that adhere one to the a&i&: via 
analogous specific binding or viA simple juxtaposition. Plaque cohesion is 
essentially guaianteed by three meohamsms:: the presence of a salivaiy pellicle on 
tlie outer bacteria layer, the specific coaggregation among the different bacterial 
species and the glucans synth^ised by the bacteria and that remain entrsQ}ped in 
the plaque matrix (Skopek et al. Oral Microbiol. Immunol., 2, 19-24, 1994; 
Kolenbrander et al., Meth. Enzymol., 253, 385-397, 1995; Hiroi et al, FEMS 
Microbiol Lett., 96, 193-198, 1992; Gibbons et al.. Infect, hnmun., 555-561, 
1986). 

The organic acids produced by oral badteria during the fermentation process 
directly cause dental caries. These acids attack the hard tissue of teeth with 
consequent release of ions such as calciuxij^ phosphate, carbonate, magnesium, 
fluoride, sodium. "When the pH in the oral cavity increases again around the 
neutrality, saliva becomes saturated with calcium and therefore its liberation 
from the tootli is prevented. , 

Among all the food residues found in' the mouth, carbohydrates show the 
highest caries promoting effect being directly available for oral bacteria 
fermentation. 

Potentially all micro-organisms feraienting sugars are cariogenic, but the 
piimaiy etiological agents of coronal and ropt caries are -flie mutans streptococci 
because they are strong acid producers; lactobacilli, that are highly aciduric, can 
also be implicated. In humans, 5". mutans and S. sobrinus are the more cariogenic 
strains, and live on teeth while not colonising the entire dentition. A decrease in 
their number firom molar to anterior teeth was indeed demonstrated (Lindquist et 
al^ Dent Res., fig, 1 160-1 166, 1990), Moreover in human approximal plaque, S. 
mutans and sobrint4s preferentially colonise the most caries-prone site apical to 
the contact area (Ahniady et al, Caries Res., 22, 135-139, 1993), A higher 
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Summary of the invention 

The object of the present invention is to provide the use of lactic hacteria 
5 that is not part of the resident microflora of :the mouth, that is low acidifying and 
that is capable of adhering directly to the pellicle of the teeth, for the preparation 
of a composition intended for the prophylaxis or the treatment of dental caries, 
dental plaque and periodontal infection. 

10 Another object is the use of the lactic bacteria that has been genetically 

modified to increase its adherence to the pellicle of the teeth via adliesion factors 
and/ or genetically modified to be even less acidifying contributing to a pH in the 
oral cavity of about 5.5^7. 

15 Another object is the use of lactic bacteria that is not part of the resident 

microflora, of the mouth, for 1±ie preparation of a composition intended for the 
prophylascis or the treatment of dental carieSj dental plaque and periodontal 
infection, wherein the lactic bacteria is selected from the group consisting of : 

an acidifying lactic bacteiia that adheres to the pellicle of the teeth and that 
20 has been genetically modified so that it is low acidifying; 

a non adherent lactic bacteria that i^ low acidifying and that has been 
genetically modified so that it adheres to tlie pellicle of the teeth; 

a non-adherent acidifying lactic bacteria that has been genetically modified 
so that it adheres to the pellicle of the teeth and geneticaUy modified so that it is 
25 low acidifying- 

Another object i$ to provide a composition for the health of the mouth 
comprising a lactic bacteria that is not part of the resident microflora, that is low 
acidifying and that is capable of adhering directly to the pellicle of the teeth. 

30 

Another object i^ to provide a composition for the health of the mouth 
comprising (1) at least a lactic bacteria that is not part of the resident microflora 
of the mouth, wloich is capable of adhering directly to the pellicle of the teeth and 
contributing to a pH in the oral cavity of above 5.5, and (2) any forms of caseino- 
33 glycomacropeptide, tnicellar casein, fluorinated micellar casein, rennet milk or 
bacteriocin. 
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Anofh&r object is to provi4e a compositLoB for the health of the mouth 
comprising at least one lactic b^teria istraiti: selected from the group consisting of 
the straina CNCM I-l 984, CNCM 1-1985, CNCM M986, and CNCM M987, 

5 Another object is to provide a compiosition for the health of "flie tnonth 

comprising at least one lactic bacteria that has been genetically modified to 
increase its adherence to the pellicle of the teeth via adhesion factors and/ or 
genetically modified to be even less acidifying and contributes to a pH in the oral 
cavity of about 5.5-7, 

10 

Another object is to provide a composition for the health of the mouth 
comprising lactic bacteria selected firora the group consisting of : 

- an acidifying lactic bacteria that adheres to the pellicle of the teeth and 
that has been genetically modified so that it is low acidifying; 
15 - a non adherent lactic bacteria that is low acidifying and that has been 

genetically modified ao that it adhi&res to the pellicle of the teeth; 
^ a non-adherent acidifying lactic bacteria that has been genetically 
modified so that it adheres to the' pellicle of the teeth and genetically 
modified so that it is low acidifying. 

20 

In a last further aspect, the invention provides a method for screening lactic 
bacteria capable of adhering to tooth, comprising the steps of: (I) preparing 
monoclonal antibody recognising specific surface proteins of a lactic bacteria 
strain capable of adhering to the teeth, (2) screening any lactic bacteria strain by 
25 use of the monoclonal antibody of strain capable of adhering to the teeth. 

Detailed description of the Invention 

30 Within the following description, the mouth is the oral cavity composed by 

tiic oral mucosa (gums, lips, cheeks^ palate and floor of the mouth), the tongue 
and the teeth (including artificial structures), 

The resident microflora of the mouth includes all microorganisms that 
35 naturally live in the mouth because they can establish a permanent residence on 
the oral surfaces. Hie resident microflora of tiie mouth also includes bacteria that 
hve in the interfacial region between the dental hard and soft tissues (the junction 
tooth-giqgiva), even thought the gingival crevice and the periodontal pocket are 
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pathogens of the teeth or preventing their attachment. Lactic bacteria 
according to the invention are "low acidifying", which nieans that they are less 
acidifying than pathogenic strains. Accordingly, they contribute to a pH in the 
oral cavity of abont 5.5-7- They are preferably from dairy origin. 

5 

The lactic bacteria according to the invention adhere to the pellicle of the 
teeth via especific interaction and/or adhesion factors. These adhesion factors are 
proteins or polysaccharides. 

10 At least one lactic bacteria is selected from the group consisting of 

Streptococcus thermophilt4S^ Lactococci4s lactis subsp. Jactis^ and Lactococcus 
lacUs subsp. lactis biovar diacetylactis and particularly from tihe groiqp consisting 
of the strains CNCM H984, CNCM M985, CNCM M986 and CNCM M987. 

15 These strains have been $elected among latic bacteria strains for their 

capacity of adherence to the pellicle of the teeth^ their optimal growth 
temperature is about 37^C, which is the temperature in the oral cavity. Moreover 
tPiey are capable of fermenting glucose and sucrose and do not synthesise 
glucanSj which are factors of pathogenicity of the cariogenic strains, 

20 

According to another object of the present invention, it is considering 
modifying genetically lactic bacteria so that it adheres to the pellicle of the teeth 
via adhe3aon factors. For lactic bacteria that already adheres to the pellicle of the 
teeth, this modification intends to make the strains more adherent to the surface 
25 of the teeth. In the same way, any non-adherent lactic acid bacteria (not 
Lactobacilli) can be genetically modified so that it adheres to the pellicle of the 
teeth. 

This modification of the lactic bacteria can be achieved by insertion of 
the genes X17390, X14490 or X53657 (GenBank accession numbers)^ for 
30 exantple. These gene are responsible in S. mutans for the expression of the 
Antigen I/H that mediates adhesion to salivary glycoproteins. 

According to the invention, it is also possible to genetically modify lactic 
bacteria so that they are low acidifying. For lactic bacteria that is already low 
35 acidifying tliis modification is intended to increase the said effect by decreasing 
its lactic acid production. 

This modification can be achieved in many ways and preferably according 
to one the protocols described in the following documents : Boumerdassi et aJ.^ 
40 AppL Environ. Microbiol., jSa, 2293-2299, 1997; Platteeuw et al, AppL Environ. 
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Microbiol, 61, 3967-3971, 1995; Ito et al, Biosci. Biotechnol. Biochem., 5S. 
1569-1573, 1994. 

According to the present invention, at least one lactic bacteria genetically 
5 modified or not, is used in an "effective quantity" for the preparation of 
compositions intended for the prophylaxis or the treatment of dental caries, 
dental plaqi;e and periodontal infection. This quantity is preferably comprised 
between 10"^ to 10^ cfii/g. 

10 It is also possible to use at lea^t a lacUc bacteria, in combination with, milk 

derivatives, such as milk or feimented milk or millc derivatives selected from any 
forms of caseino-glycomacropeptide, micellar casein, fluorinated micellax casein, 
rennet milk (e.g. cuajada) or baoteriocin, for example. 

15 

BIOCHEMICAL CHAIIACTERIZATION OF THE SELECTED STRAINS 

Fermentation patternis: 49 simple sugars were tested witii the api 50 CH 
bioMerieux strip test (bioM^rieipc 3A, 69280 MaToy-l'Etoile, France). 

20 

Acidificatioii curves: the acidification curves were ctetennined at 37''C in the 
following conditions: 

- S. sobrimts OMZ 176; FUM sucrose 1% and FUM glucose 1% 

- S. ihermophilus NCC1561: Belliker sucrose 1% andBelliker glucose 1% 
25 Inoculation was always 5%; pH was recorded every 20 rain. 

BIOCHEMICAL CHARACTERIZATION OF THE SELECTED STRAINS 

30 iTemieiitation patterns: 49 sugars were tested with the api 50 CH BioMeriux 
strep method and the results are given in the table 1. 

Acidification curves: S. th&rmophilus NCC1561, from sucrose fermentation, 
lowers the pH to 4.5, while 5. sobrinus OM2 176 to 4. 

35 
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Sugar 

Adonitol 

Aesculin 

Amygdalin 

D-Arabinose 

L-Axabinosc 

D-Arabitol 

L-Axabitol 

Arbutin 

Cellobiose 

Dulcitol 

Erythritol 

D-Fruotose 

D-Fucose 

L-Fucose 

Galactose 

p-Gentdobio3e 

Gluconate 

2-ketO'-Gluconate 

S-kjeto-Gluoonate 

QlcNAc 

D-Glucose 

Glycerol 

Glycogen 

Inositol 

Inulin 

Lactose 

D-Lyxose 

Maltose 

Mannitol 

D-Mannose 

Melezitose 

Mclibiose 

a-'Methyl-D-glucosxde 

a-Methyl-D-raannoside 

D-Ra£finose 



X» lactis 
NCC2225 



4- 
+ 



l^iuctis S.th. S. th. 
NCC2211 NCC1529 NCC1S61 



++ 



4-+ 
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Rhanmose 




Ribose 


++ 


Salicin 




Sorbitol 




L-Sorbose^ 




otarcn . 




Sucrose 




D-Tagatoge 




Trehalose 


-t+ 


D-Turanose 


++ 


Xylitol 


-t-H- 


D-Xylose 




L-Xylose 




P-methil-xyloside 





+++ 



■H-H- 



+, -H-, -h-H-, MM show if the fennentatiott beguns after 3, 6, 24 or 48 houis. 
Table 1. Sugar fermentation of X. lactis NCC2225, L. lactis NCC2211, S. 
th&rmophilus ^CC1529 and, S. thermcphilm ^CC1561. 



5 The second main object of the present invention concerns a composition for 

the healtli of the mouth comprising a lactic bacteria that is not part of the resident 
microflora of the month, that is low acidifying and that is enable of adhering 
directly to the pellicle of the teeth, 

10 These compositions are in particular intended for the prophylaxis or the 

treatmesnt of dental caries, dental plaque and periodontal infection. 

The said lactic bacteria strain is selected Sxaa the group consisting of 
Streptococcus thermophilus, Lactococcus lactic mbsp. lactis^ and Lactococcus 
15 lactis ^bsp. lactis biovar diacetylactis and preferably fi:om the groiqj consisting 
of the strains CNCM M984, CNCM 1-1985, CNCM 1-1986, and CNCM I-I987. 

In such compositions for the health of the mouth, lactic bacteria strains may 
be genetically modified as described above. 

20 

The said lactic bacteria strains may be included in a food, pet food, 
cosmetic or phann^ceutical composition, for example. 
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Accordingly, these cotnpositioiis are preferably toothpaste, mouth 
rinse, gum, spray, beverage^ cjiiiijies, infant formtila^ ice cxeam, frozen dessert, 
sweet salad dressing, milk preparations, cheese, quark, yogurt, acidified milk, 
coSee cream or whipped cream, for example. 

5 

In these compositioas lactic bacteria strains may be include alone or in 
combination with milk derivatives^ for example, in order to obtain synergistic 
preparations. Accordingly, these compositions for the health of the mouth 
comprise: 

10 - a lactic bacteria tlaat is not part of the resident microflora of the mouth, 

which is capable of adhering directly to the pellicle of the teeth; 
- any forms of lactic glycopeptides, remiet milk or bacteriocin. 

The lactic glycopeptides are preferably caseino-glyconiaoropeptides 
15 (CGMPy Asyalo-CGMP), fluorinated or not micellar casein (wliich can be 
obtained as described in the patents EP 0 604 802 and EP 0 748 591) or rennet 
milk (cnajada for example) may also be a4ded. The oaseino-glycomacopeptides 
are preferably added in a minimum amowat of about 0,1%. It has also been 
?hown that tlie oaseino-glycomacropeptides do not prevent the said lactic bacteria 
20 from adhering to the teeth pellicle (fig-2 and 3). 

Synergistic compositions may also be prepared,, adding at least one 
bacteriocin, which is active against Gramrpositive oral bacteria* In that case, the 
oral hygiene compositions may comprise 0-00001 to 50%, and preferably from 
25 0.00001 to 15% of purified bacteriocin, by weight of the composition. The 
bacteriocin is preferably variacin (EP 0 759 469)- 

In order to protect the composition from degradation, an oil-soluble 
antioxidant may also be included. Suitable antioxidants include the 
30 "^ocopherols^ butyl-hydroxyanisole (BHA), butyl-hydrxytoluene (BHT), and 
ascorbyl pahnitate. The oil soluble antioxidant is present in amounts of from 
0.005% to 0,5%, preferably 0.005% to 0.01% by weight of the composition. 

Suitable abrasives for use in dentifrice compositions of tihe present 
35 invention include calcium carbonate, calcium aluminosilicate^ almnina, hydrates 
alumina, zinc orfliophosphate, plastic particles, and silica, of which silica is &e 
preferred abrasive , 
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acceptable and within wljich the activity of the said lactic bacteria is not 
compmmised. The pH may be in tiie range 3.0-9.5, preferably in the range 3,5 to 
6.5. 

5 

These compositions may be prepared by conventional processes comprising 
admixing the ingredients together in the appropriate relative amounts! and finally, 
and if necessary, adjusting the pH to desired value. 

10 According to the last aspect of the present invention, a method for screening 

lactic bacteria capable of adiiering to tooth is concerned. Tins method comprises 
the steps of: 

(1) preparing monoclonal antibodies recognising specific surface proteins of a 
lactic faact^a strain capable of adhering to the teeth, and 
15(2) screening any lactic bact^a strain by use of the monoclonal antibody of 
strain capable of adiiering to the teeth. 

The said monoclonal antibodies would be used as a tool to detect the said 
lactic bacteria strain aailong other strains gro-wing nearby. 

20 

The present invention is not to be limited in scope by the specific 
embodiments described herein. Indeed, various modifications of the invention, in 
addition to those described herein^ will become apparent to those skilled in the 
art from the foregoing description and accompanying figures. Such modifications 

25 are intended to fall witliin the scope of the claims. Various publications are cited 
herein, the disclosures of which are incorporated by reference in their entireties 
to the extent necessary for understanding the present invention, DNA 
manipulation, cloning and transformation of bacteria cells are, except where 
otherwise stated, carried out according to the textbook of Sambrook et al 

30 (Sambrook et al. Molecular Cloning, A Laboratory Manual, Cold Spring Harbor 
Laboratory Press, U.SA., 1989). These examples are preceded by a brief 
description of the plasmids, strains and the various media used, as well bs the 
method for producing a monoclonal antibody. 

35 The strains 5. thermophilic 8118 (NCC 1529), S123 (NCC 1561), L lactis 

subsp. lactis 29 (NCC 221 1), L lactis suhsp. lactis biovar dioacetylactis 69 
(NCC 2225) were deposited under the Budapest Treaty, at the Collection 
Nationale de Culture de Mioroorganismes (CNCM M984, CNCM 1-1985, 
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CNCM 1-1986 and CNCM 1-1987 respectively), 25 rue du docteur Roux, 
75724 Paris, France, on March 3*^, 1998. All restrictions as to the availability of 
these d^osits will be witbdrawu upon first publication of this appHcation or 
another application which claims benefit of priority to this application, 

5 

Figures 

- Figures la, lb and Ic represent respectively the adhesion saturation curves for 
S, sobHm^ OMZ 176, L. lactis NCC221 1 and S, thermophilus NCC156L 

10 - Figure 2 represents the curves obtained for the three strains by plotting the 
nunaber of bound cells versus increasing amounts of CGMP. 

- Figure 3 represents the curves obtained for the three strains by plotting the 
number of bound cells versus increasing amounts of As-CGMP. 

15 Example 1: STRAINS AND CULTURE CONDITIONS 

More than 100 strains (belonging to the Nestle culture collection) v^ere 
screened for tibeir ability to attach to saliva-coated hydroxyapatite beads, and in 
particular the following 23 strains: S. thermophilus YS4 (NCC 2284), S. 

20 thermophilus Sfi6 O^CC 1971), S, thermophilus Sfil3 (NCC 2008), S. 
thermophilus Sfi21 (NCC 2038), thermophilus Sfi39 (NCC 2130), S. 
thermophilus Sfi42 (NCC 2145), S. thermophilus Sfi47 (NCC 2172), S. 
thermophilus SI 18 (NCC 1529), S. thermophilus 8119 (NCC 1536), S. 
th^ophilus S122 (NCC 1554). S. thermophilus S123 (NCC 1561), S. 

25 thermophilus S126 (NCC 1587), L. lactis subsp. cremoris 15 (NCC 92), L. lactis 
suhsp. cremoris 25 (NCC 1932), L. lactis aubsp. cremoris 136 (NCC 2419), Z. 
lactis subsp. diacetylactis 8 (NCC 1970). L. lactis suhsp. diacetylactis 28 (NCC 
2057), L. lactis subsp. diacetylactis 69 (NCC 2225), I, lactis subsp, diacetylactis 
80 (NCC 2272), Z. lactis subsp, lactis 29 (NCC 2211), Z. lactis subsp, lactis 50 

30 (NCC 2224), L. lactis subsp. lactis 54 (NCC 2228), Z, lactis subsp. lactis 216 
(NCC 2484). 

The 5 oral strains, S, sobrinus OMZ 176, S. oralis OMZ 607, A. naeslundii 
OMZ 745, V. dispar OMZ 493 and F. nucleatum OMZ 596 were obtained from 
35 the Institute ftir Orale Mifcrobiologie und Allgemeine Immunologie, University 
of Ztirich and they were cultured in FUM medium in anaerobiosis 
(GasPackSystem, BBL) at 37*^0, 
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All tlie strains were stored in glycerol at -20^C and precultured for 14 
homs prior to use at their specific optrmal temperature; 5*. sobrinns OMZ 176 
grew in FUM medi\mi (Neeser et al. Oral Microbiol Immunol, % 193-201, 
1994), lactococci streptococci in Ml 7 (Difoo) except thermophilus 
5 NCC1529, SI 19, S122, NCC1561 and S126 that grew in Belliker (prepared by 
dissolution in 1 1 water of 20 g tryptone, 5 g yeast extract, 2,5 g gelatine 5 g 
dextrose, 5 g sucrose, 5 g lactose, 4 g NaCl, 0.5 g Ascorbic acid, 10 g beef 
extract); 

10 For the plate counting: S. sobrinus OMZ 176 was cultured in Mitis- 

Salivaiius agar (Difco), S, thmnQphUus NCC1529, SI 19, SI22, NCC1561 and 
S126 in Belliker agar (prepared by addiag to the liquid Belliker 15 g of Bacto 
agar, Difco), and the remaining lactic bacteria strains in Ml 7 agar (Oxoid). 

15 Example 2: PRODUCTIOJf OF A MONOCLONAL ANTIBODY 

A monoclonal antibody would be used as a tool to detect X, tactis subsp. 
lactis NCC2211 among 5 oral strains growing together on S-HA discs and 
20 fonning a biofilm that simulates dental plaque. Therefore the monoclonal 
antibody was Vested against these strains to yerify there was no crogs-reactioti. 

To this end, the monoclonal antibody is produced as described by Gxanato 
et al "A mouse monoclonal IgE antibody anti-bovine milk lactoglobulin allows 
25 studies of allergy in the gastrointestinal tract, Clin. Exp. Immunol., Sl^ 703-710, 
1986. 

Example 3: SELECTION OF ADHERENT LACIIC BACTERIA 
30 Attacbmeat to saliva^coated hydroxyapatite beads (S-HA) 

To select among the lactic bacteria dairy strains those able to attach to 
saliva-coated hydroxyapatite beads (S-HA), the procedure previously described 
by Neeser et aL (1994) was used with slight modificatious: beads wasliings were 
35 done with 150 \x\ volumes and Hyamine hydroxide was substituted with 
Benzethomum hydroxide (Sigma). 

Briefly^ all the strains were grown to the end of the log phase in FUM 
except S. thermopkUus NCC1529, S122, NCC1561 and S126 that were 

40 cultured in Bellilcer. S, sobrinm OMZ 176^ L, lactis subsp, lactis NCC22I1, 50 
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I 

and 54, S. thermophilus NCC1529, S119, S122, NCC1561 and S126 grew at 
37^C, the remaining lactccocci at 30^C and the remaining streptococci at 42°C. 

5 mg of laydroxyapatite beads (BDH Chenaicals Ltd, Poole, England) were 
5 covered with 70 \xX clarified saliva obtained from volunteers in the lab and 
prepared as previously explained (Neeser at al^ 1994). Saliva coated beads were 
kept overnight at 4'=*C, then washed (first with distilled water and after with 
HEPES buffer) and finally ipoculated with 100 |j.l of the metabolically labelled 
bacterial suspension (bacteria had been grown in their medium, supplemented 
10 with 10 ^Ci/ml ^^C acetic acid). Adhesion took place during 45 min at ^TC, then 
unbound bacteria were washed away and the attached cells directly counted in a 
LKB scintillation counter (type 1219 Rackbeta). 

^ The adhesion percentages are expressed as radioactivity bound to the beads 

; 15 on the total radioactivity added to each well. All measurements were done in 

I triplicate. Table 2 reports the percentages of adhesion to saliva-coated 

f hydroxyapatite beads obtained for several screened strains and for S. sobrinus 

OMZ 1 76 (the reference strain). 

[ 







S. sobnrwfi UiMZ 176 




S. thermophitus SM2 C^CC 2145) 


0,08 +/-0.02 


S. thermophilus Sfi47 Q\CC 2X72) 


0.14+/-0,04 


S. therm^phUua NCC1S29 


2.89 +/-0.60 


S. thermopMus 8119 (NCC 1536) 


0.15 +/-0.04 


S. thermophilus S122 (NfCC 1554) 


0.93t/.0.17 


S. thermophUus mCCXSSX 


2,19 4^-0.50 


S. thermophilus Bl26QiCC 1587) 


t.l9 +/-0.56 


L. lactic aubsp, diaoetylaptis 28 (KCC 2057) 


1.59 +/-0.17 


L, lactis subsp. diofotj/lactis NCC2225 


tS6 +/-0.40 


L. lacds subsp. diacetylactis 80 (NCC 2272) 


1.20+/-0.35 


L, lacHs subsp. iactis NCC2211 


2.85 +/-.0.^ 



I Table 2: percentages of adhesion to saliva-coated hydroxyapatite beads 

I obtained for several screened strains 

[ 

Four strains, & thermophilus NCC1529, 5^. thermophilus NCC1561, L. 
15 lactU subsp. Iactis NCC2211 (hereinafter Z. lactts NCC2211) and L. Iactis 
suhsp.diacetylactis NCC2225 showed valu^ close to S. sobrinus OMZ 176, 
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jL, lactis NCC2211 wid S. tkermophilus NCC1561 were chosen as the 
more promising candidates since they grow very well at 37^C, which is the 
temperature in the mouthy while L, diaceiylactis NCC2225 has an optimal growth 
temperature of 30*^C. In particular, L. lactis NCC22U cannot grow on sucrose^ 
5 but it can ferment a wide range of sugars, moreover other oral strain can provide 
glucose via their invertdse. 

Adhesion saturation curves 

10 Curves of bound CFU versus CFU inoculated into the well were determined 

to verify if beads saturation could be obtained. The 50% saturation was diiectly 
drawn from the bending point of 1he curves obtained. The adhesion saturation 
curves for sobrinus OMZ 176, i. lactis NCC2211 and 5. thermophilus 
NCC156I were determined. They are shown in the Figure L 

15 

For the three strains the CFU number to be inoculated in the well to get the 
50% beads saturation and tlie corresponding number of bound CFU were directly 
deduced fipom the bending point of the curves and are given in the table 3, 



S. fiobrUm OMZ 176 
L. 7^rtpNCC22U 
S. ihermpphilus 
NCC1561 


ofu/well 


Bound cfU 


% adhesion 


4.00E+07 
I.00E-K)7 
3.00E+07 


4-.00E+06 
9.00E+Q5 
2.00E+06 


10% 
9% 
7% 



20 Table 3: Number of CFU to be inoculated per well to get the 50% beads 
saturation. 

Example 4: EFFECT OF CASEXNOGLYCOMACROPEPTBDES 

25 The influence of CGMP on the adhesion of lactic NCC2211 and 51 

thermophilus NCC1561 was studied to verify the possibility of using it to foster 
the predominance of one of this two strains on the pathogenic ones (namely 5- 
Sobrinus OMZ 176, Caseino-glycopeptide (CGMP) and its depi^ylated 
derivative (As-CGMP) were obtained ftom Nestec S. A., Lausanne (for their 

30 preparation see Neeser et al„ 1994). 

The dose-response effect was studied on the adhesion to S-HA beads by 
inoculating in the well 100 ^.l of bacterial suspension (CFU/ml corresponding to 
the 50% beads saturation previously calculated) which contained CGMP or As- 
35 CGMP in different concentrations and then performing the adliesion assay as 
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usu&l* Concentrations in the nmge 0.05-3 mg/ml were tested No previous 
incubation of the bacteria in presence of CGMP or As-CGMP was done. 

In the figure 2, the curves obtained for the three strains by plotting the 
5 number of bound cells versus increasing amounts of CGMP are presented, the 
number of inoculated cells being the one corresponding to the 50% beads 
saturation formerly calculated for each strain. The strong inhibition observed in 
the case of sobrinus OMZ 176 cx)nfirms the previous results obtained by 
Neeser et ah (1994) and Schapbach et al Q. Dent Res., IS, 1779-1788, 1996). 

10 

As evidenced in the figure 2, 0.25 mg/ml produced 50% inhibition of the 
adhesion of 5, sobrinus OMZ 176, while more than 2 mg/ml were necessary to 
have the same effect with S. thermophilus NCC1561, CGMP sligbtly enhances 
the adhesion of i. lactic NCC221 1 . 

15 

As in the ca^e of CGMP, the desyalilated derivative inhibits the adhesion of 
5?. sobrinus OMZ 176; only 0,05 mg/ml are needed to produce 50% decrease in 
Hie adhesion percentage. As-CGMP does not influence L. lactis NCC2211 
adhesion, while it slightly fosters the one of 5. thermophilus NCC1561 (Fig. 3), 

20 

Example 5: TOOTHPASTE 

Toothpaste is prepared by adding 10^ cfii/ml of at lea^t one of the lactic 
bacteria strain CNCM M984, CNCM 1^1985, CNCM M9S6 or CNCM I-19S7 in 
25 a lyophilised form, to the following mixture contairang: 



Cetyl pyridinium chloride 1 .65% 

Sorbitol (70% soln) 33.0% 

Glycerin 25,0% 
Sodium carboxymethyl cellulose 2.0% 

Sodium fluoride 0J25% 

Silica (RP 93) 26.3% 

Tliickening SiUca (Sident 22) 8. 1 % 

Sodimn saccharine 0,5% 

35 Poloxamer(PluronicF108) 3^%, 



This toothpaste is intended for the prophylaxis or the treatment of dental 
caries, dental plaque and periodontal infection- 
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Example 6; ICE CR£AM 

A cream comprising 10.8% lactic fats, 13.5% milk solids (non fat), 03% 
5 Emulstab® SE30 et 0.3% Emulstab® foam (Grindsted, DK) is prepared, it is 
then pasteurised at 105*C for 20s, homogenised at 75'=C and 300 bar, cooled to 
and inoculated with precultitres in MRS medium, taken in escponential 
growth phase, at a rate of 10*^-10^ ofu/ml of at least one of the lactic bacteria 
stiain CNCM X-1984, CNCM I-19S5, CNCM 1^1986 or CNCM 1-1987. The 
10 cream is then fermented for :10 hotiM at 38'Ciip to a pH of about 4.5. At the end 
of the fermentation, sucrose and glucose syrup is added thereto. The composition 
of the cream is; presented in table 4 below. 

The mixture is then beaten, cooled to 4*C, stored at 4*C, chilled to a degree 
of expansion of 95°C by volume. 

15 



Ingredieuts 


Composi- 
tion 

■ 


Fats 
(%) 


Non-fat 
solids 


Sucrose 
(%) 


Solidfi 
content 

.. (%) 


Cream (35%) 


30,83 


10,79 


1.54 




12,33 


Powdered 
skimmed millc 


12,45 




11,95 




11,95 


Emulsteb® SE36 


0.41 








0,37 


Emulstab® foam 


0,41 








0,36 


Wat€x 


55,91 










Total; creani base 


100,00 


10,79 


13,49 




25,01 


Cream base 


74,14 


8,00 


10,00 




18,54 


Sucrose 


22,06 






15,00 


15,00 


Glucose syrup 


3,80 








3.00 


Fermented 
Ice cream 


100.00 


8,00 


10,00 


15,00 


36,54 



Table 4 



Example 7: YOGHURT 

20 5 1 MRS culture medium are sterilised for 15 man at 121®C and then 

inoculated with 5% by volume of an active culture of at least one of the 
S.Thermophilus strain CNCM 1-1984, CNCM I- 1 985 containing approximately 
10^ cfij/ml. After incubation for 8 h at 41 'C, a starter containing 4,5.10* cfu/'ml is 
obtained. 

25 5 1 reconstituted skimmed milk having a dry matter content of 10%, to 

which 0.1% yeast extract has been added, are sterilised for 15 min at 12 PC and 
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inoculated with 2% of an active culture of commercial thickening 
Streptococcus thermophilus containing approximately 10^ cells/ml. After 
inciibatioii for 4 h at 41*C, a starter containing 4.5.10* cells/ml is obtained. 

One batch of whole milk containing 3,7% fats strengthened with 2.5% 
5 skimmed milk powder and then pasteurised for 30 inin at 90'*C is then inoculated 
with 2% by volume of the starter of at least one of the strain CNCM 1-1984 or 
CNCM M985 and 3% by volume of the starter of thidcening Streptococcvis 
thermophilus. The inoculated milk is stirred, poured into pots and incubated for 4 
hat4rc. 

10 

The yoghurt obtained has a good firm and smooth texture and is intended 
for the health of the mouth. 
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Claims 

1. The Tise of lactic bacteria that is not part of the resident microflora of the 
mouth, md that is low acidifying and is capable of adhering diiectly to the 

5 pellicle of the teeth, for the preparation of a composition intended for the 
prophylaxis or the treatment of dental caries, dental plaque and periodontal 
infection. 

2. The use according to claim I, wherein Hie composition is intended for 
10 displacing pathogens of the teeth or preventing their attachment 

3. The use according to claim 1 or 2, wherein the lactic bacteria is less 
acidifying than the pathogenic strains, contributing to a pH in the oral cavity 
of about 5,5-7* 

15 

4. The use according to any of preceding claims, wherein Ae lactic bacteria is 
ftom dairy origin. 

5. The use according to any of preceding claims, wherein at least one lactic 
20 bacteria is selected from the group comsisting of Streptococcm ihermophilm, 

LactocQccus lactis subsp. lactis^ and Lactococcus lactis subsp. laciis bioyar 
diacetylactis. 

6. The use according to any of preceding claims, wherein at least one lactic 
25 bacteria is selected from the group consisting of the strains CNCM I- 1984, 

CNCM M9853 CNCM 1-1986 and CNCM M987. 

7. The use according to any of preceding claims, wherein tiie lactic bacteria 
adlieres to tlie pellicle of the teeth via adhesion factors. 

30 

8. The use according to any of preceding claims, wherein the lactic bacteria Ims 
been genetically modified to increase its adherence to the pellicle of the teeth 
and/ or genetically modified to be even less acidifying. 

35 9* The use of lactic bacteria that is not part of the resident microflora of the 
mouth, for the preparation of a composition intended for the prophylaxis or 
the treatment of dental caries, dental plaque and periodontal infection, 
wherein the lactic bacteria is selected from the group consisting of ; 
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an acidifying lactic bacteria that adheres to the pellicle of the teeth and 
that has beeia genetically modified so that it is low acidifying; 
- a non adherent lactic bacteria tliat is low acidifying and that has been 
genetically modified so that it adheres to the pellicle of the teeth; 
5 - a non-adherent acidifying lactic bacteria that has been genetically 

modified so that it adheres to the pellicle of tlie teeth and genetically 
modified so that it is low acidifying. 

10. The nse according to claims 8 and 9, wherein the lactic bacteria has been 
10 genetically modified so that it adheres to the pellicle of the teeth via adhesion 
factors and contribute to a pH in the oral cavity of about 5.5-7. 

1 LThe use according to any of preceding claims, wherein the composition is an 
edible composition comprising an effective quantity of lactic bacteria for the 
15 prophylaxis or the treatment of dental caries, dental plaque and periodontal 
infection. 

12. The use according to any of preceding claims, wherein the composition 
contains at least 10^-10^ cfij /g of lactic bacteria. 

20 

13. The use according to any of preceding claims, wherein the lactic bacteria is 
combined with ntilk, fermented milk, milk derivatives or bacteriocin. 

14. Tlie use according to claim 13, wherein Ihe milk derivatives are selected fiom 
25 any fomi of caseino-glycomacropeptide, micellar casein, fluorinated mioellar 

casein or rennet milk. 

15. A composition for the health of the mouth comprising lactic bacteria that is 
not part of the resident microflora of the mouth and that is low acidifying and 

30 that is capable of adhering directly to the pelKcle of the teeth. 

16. A composition for the health of the mouth according to claim 15, wherein the 
lactic bacteria has been genetically modified to increase its adherence to the 
pellicle of the teeth and/ or genetically modified to be even less acidifying. 

35 

17. A composition for the health of the mouth according to claim 15 or 16, 
wherein the lactic bacteria is ^elected from the group consisting of ; 
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an acidifying lactic bacteria that adheres to the pellicle of the teeth and 
that has been genetically modified so that it is low acidifying; 

- a non adherent lactic bacteria that is low acidifying and that has been 
genetically modified so that it adheres to the pellicle of the teeth; 

- a non-adherent acidifying lactic bacteria that has been genetically 
modified so that it adheres to the pellicle of the teeth and genetically 
modified so that it is low acidifying. 

18. A composition for the health of the mouth according to any of preceding 
claims, wherein the lactic bacteria has been genetically modified so that it 
adheres to the pellicle of the teeth via adhesion factors and contributes to a pH 
in the oral cavity of about 5.5-7. 

19. A composition for the health of the mouth according to any of preceding 
claims, comprising an effective quantity of lactic bacteria for the prophylaxis 
or the treatment of dental caries, dental plaque and periodontal infection. 

20. A composition for the health of the mouth according to any of preceding 
claims, containing at least 10^-10^ cfU /g of lactic bacteria. 

21. A composition for the health of the mouth comprising: 

(1) a lactic bacteria that is not part of the resident microflora of the mouth, 
which is capable of adhering directly to the pellicle of the teetli and 
contributing to a pH in the oral cavity of about 5.5-7; 

(2) any forms of caseino-glycomacropeptide, micellar casein, fluorinated 
micellar casein or rennet milk or bacteriooin. 

22. A composition for the health of the mouth according to any of preceding 
claims, comprising at least one lactic bacteria strain selected from the group 
consisting of Streptococcus thermophilus, Lactococcus lactis subsp. lactis, 
and Lactococcus lactis sub^p. lactis biovardiacetylactis. 

23. A composition for the health of the mouth according any of preceding claims, 
comprising at least one lactic bacteria strain selected from the group 
consisting of the strains CNCM 1-1984, CNCM 1-1985, CNCM 1-1986, and 
CNCM I-I987. 
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24. A method for aorecning Icictic bacteria capable of adbering the teeth, 
comprising the steps of : 

(1) preparing monocloiial antibodies recognising specific surface proteins 
of a lactic bacteria strain capable of adhering to the teeth, and 
5 (2) screening any lactic bacteria strain by lise of the monoclonal antibody 

of strain capable of adhering to itie teeth. 



10 
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Albstract 



The use of lactic bacteria tiiat is not part of ihe resident microflora of the moijlii, 
and that is low acidifying and is capable of adiiering directly to the pellicle of the 
teeth for the preparation of a composition intended for -fhe prophylaxis or the 
treatment of dental caries, dental plaque and periodontal infection and 
compositions prepared therewith. 
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S. sobrinus OMZ176 
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Figure lb 



S, thermophilus NCC1561 
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Figure 2. Effect of CGMP on the adhesdon to S-HA beads of S. sobrinus OMZ 
176, L. lactis 29 <NCC221 1) aadS, thermopMus S 123 (NCC1561). 
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Figure 3, Effect of As-CGMP on the axJhesion to S-HA beads of S. sobrinus 
OMZ 176, L, lactis 29 (NCC22n) &ndS. thermophilus S123 (NCCI561). 
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